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HOMZ XJVW hOOKS-

bnt we Know About he ann-

No bettor IllustraMon could be given of-

t1ti hhtory nf Ionce It rje jt methods fta-

rtnPR ahi1 It rnndet trfnmthB tbftn Ia af-

II fordii by un rIrtR lnowIodo concer-
njg tIM moM ILIlittr of till objects tho great-

Iniidiai y o 1iy Ererybodi know from tho
1 IHI2iit that it its obaorvad pol

1 ttflI apprentIy revolilna around the earth-

ii ntiI rising and fatling In the ky at dIftron-
tr eaone and everybody also knew that It ox-

rtod a powerful Influence oyer life upon the-

I4 rth But thIs waa the common form of-

knowodge vague and crude yet having a-

b8Ie of factand oertalnty and thoreforo c
1 tamIng the germs of eclenco and a with nI

1 tii other familiar objecta of nature theo-
tt grma laydormant In the general mmii for ngee-

The ceThattal lurnInarIc occupied the attan-
tlin of the thouhtfuI In orv eariF titnee and-
tho oldeet of the eclences Ia aetronomy The-

t1 ttrst aImDIo taik wits to watch the panorama of-

the BkV and note the Doeftione and movements-
P t the heavonir bodies Tha gnye rise to tho-

JJ rst etage of astronomtcal sclnnc which-
Ic known as Formal Astronomy Obseryn-

t tins of the changes of Diaco of calee-

r4 tlttt bodies were recorded and aecumu-
Intod and ted to generalized Idoas concerning-

itT their motions We owe tormal astronomy to-

the old activmindad Graekswho worked It-

Mr out systomaticatir and accumulated data for-
reasoning bwhIch large theoretical notions of-

II4i the nature of tho celestial movements were-
ii framod lilpparchueinthoseeondconturybo-
up fnraChrist olassifled and catalogued the stnrs-

W4 and discovered the retroirnde motion of the-

JL eqtiinoetlal points or what Is known as th-
elL VraCeMion of the equinoxe js puII-

k1ti Ptolemy Invented the lugenious SyStem of opt-
cycles to account for the innetary movements-

J Ills theory assumes the earth to be the centre-
ii around which the sun and planets revolvei-

I1 anti this VIew trevnilod until tim time ofI-

III Cupernious The rtolomaio syatom had serve-
di i to combine and represent many observation-

sj and much truth and it constituted most t-
mirnrtant stage In the growth of the science but-

its fundamental Idea was subverted br Copor-
pilcus who showed early In the sixteenth cen-
tury that the sun Is tho real centre of the-

rt hnotar7 revolutions The overthrow of th-
ej geocentrto system and the establishment of the-
L bolioeentrio theory formed a great epoch In the-

tt progress of formal astronomy-
t But the time had now coma when a new order-

of Ideas was to be introduced into the aclence-
s and a now branch of astronomy created As-

L1 the attention of thinking men was more and-
more turnod to the phenomena of nature they-

I began to study the roblont of forces and causes-
in the production of terrestrial effects Apuly-
tngthose Ideas to the heavensthiey inquired how-

the celestial motions are rodueod and this-
direction of study gave rise to 1bysttai Astron-
omy The Dianotary motioi were to be re-

i solved and exDlalned by the experimental laws-
of motion Oahiloo and Kepler prepared ho-

way for Newton whose glory It was to establish
1 the great truth that the law of lathing bodies-

upon the earth appltoi alsoto the moon and the-
S 4 Ianets and ha nothing less than a univoresh-

rinoiple of matter The demonstration of the-

II 1 law of gravity wasatrlumah of phy8IcaI astron-
amy and constitutes the second geat epoch In-

the urogress of astronomical science Formal-
astronomy had flxod lie ulaeo of the sun and-

hyiioal astronomy had established Its power-
sa the ruler of the olanotary system-

Thus far astronomers had been oceuplod-
only with motions and their causes and Iaw-

Celestial and terrostrial phenomena wore uni-
fled In their dynamical aspocts and astronomy-
firmly planted upon a physIcal basis But an-
other great stop stilt remained to be ttlen

t though as yet there had not been the slightest-
repttration for it The question wits As to the-

TCtnro of the heavenly bodies themselves wha-
tEe they made of how are they coustttutol

t Ar the like the earth and like each other or-
what are thoir material pecuhlarltluq This-
rroblem was as yet closed to science On-
grounds of analogy it waa maintained tha-

td worlds are Inhabited but this was of course-

t iuire speculation As the telescope slowly hun
4 proved something became knowu of what nuiy-

be called the planetary physloguomhos but no-
tthesiIghtestllghtva thrown upon their ma-
terlat constitution ChemIstry Is the slenco-
winch gIves aecount of the different kInds of-

matter and their Intimate interactions but this-
science had not yet emerged Newton was an-
alchemist and himself worked at the task of-

P transmutIng the cheaper metals into gold Anu-

leven when chemistry had aulvuincol to a hiih
i dgree of perfection nobody dwamed that it-

E could over bo extended to the heavenly bodIes-
fio late as 1842 such a master of thought as-

Comte In dealing with the philosophy of sd-

ii care laid It down as an axiom that we can only-
LL determine the forms distancesand movamon-
tq of tho celestial bojios but can never study by-

any moans their chemical composition-
Setting limits to science howeor has always-

TTt1I vrovud an unsafe proceedIng Comtes state-
II 4 mtnt has been falif1ed on a groat scuie That-
II4 which he declared to ho forever impossible ha-
sr already made a new epoch in astronomy and-

the work was in fact wail under way at the-
r time Comte made hL statement Dr John V-

II 1raper of New York was oven then laying tim-

ff foundations of spectrum analysis We have-
I nownn astronomicat chen2istrybased upon cx-

periment which l just as real and posltiv as-

S terrestrial chemistry and which has been so-

arfected anil so extenslyols and successfully-
applied as to opn a world of new phenomena-
and constitute a third great epoch In the pro-
gross of this science Physical astronomy had-
demonstratedthedynamtc unityof the univer5e-
chemical astronomy has now ulemonatrated-
with eiual certainty its material unity This-
last 0004uest belongs entirely to the present-
age In regard to the constitution of the sun-
the last twentrflve years has RIven us a thou-
sind times more real knowledge than had ever-
before been gathered-

The interest awztlened by recent rsearches-
and their splendid results has createut the tie-

mutud for a new exposition of the subject Prol-
YouNo of PrIwcton lies contributed a volume-
out Te Suvi to Appletons International Scient-
ub Series which is written from this poInt of-

view and Is an admirable representation of the-
new epoch of solar keowlodge Its author ha-
himself hal an eminent share In woricinur out-
the recent illecovories pertatnin to the solar-
c4nstltution and thuouh not yet 50 vars old-
he has prutlclpattuI in the whole series-
of investigations which will mak the present-
period memorable in the future history of sci-
ence Of the execution of his book it l iunps-
ltIo to sneak too hlchly lb writes from the-

famIlIarity of firsthand knowloilge and his-
work will be eiuoflally appreciated on acount-
of tlii thorough trustworthinuus of his state-
meats lie has written not o much for men of-

science as for intoliient reads who have a-

iuneral interest in sjentiflo subjects and the-
exposition Is wonderfully clear and attractive-

Ve hare no intention bore of roviewiuw his-
book but propose simply to glean from hi-
scas a few of thIr morn striking results so as-

to LOuvOy comae iilea of thu present State of solar-
I knowleilge cud ot the real rai2dotur of solar-

tt phenomena-
I Thu first uestlon that naturally ariies about
4 thus sun is how far ha it away from us and thi-
sjt I beuldeg the most fundamental question In-

ii general astronomy ant is as dtmoult as it is-

important The distance of the sun from the-

etrtb is of course the half diameter or radIus-
If tIu marths otiIt This radius is the base ila-
ry which every other cletIut ilistanco is m-

ourl xeuptIuLr only that of thu muon Any-

error lu this base line therefore propaiatt s-

itself in all directions and falsities every uneas
I ured lIne the distance of every star the radtu-

of every ortilt and tluodlameter of every tIanet-
All luRe calculations of the maso of tim lueav-
enty bodies tieperuti upon hue eitimatc of tim-
suns distance froto thi earth itnul thus iIIuanu-
generally enters into Ito cnuputuItuons by utu-

cube so that say error becomes magnitleit-
threefold One ver cent of uncertainty in the-
sun distance Impliesmore than three percent-

I of uncertainty In relation to every celestial-
II u1 and cysry cosmical force Again when

time is taken into account the effects of-

this error accumulate with groat rapidity-
If we knew exactly the suns distance-
from the earth we could predict exactly the-

course of celestial movement for alt future time-
and reproduce for all pnt time the conditioni-
of alnnetnry orbits anti the sItuations and role-

tions of planetary bodies Such qtistions liutc-
oaetn1lv beenorcod upon us by geology The-
problem of glacial verlods and the past lifehis-
tory of tl e earth uure now soon to be involved with-

that of thio varying occntricIty of the earths-
orbit in secular periods If for instance wo-

should flail as the result of calculation with the-

received data that two mhhilons of years tuo-
the eccentricity of the earths orbit was at-

maximum and the perihelion so placed that-
thesun was nearest ulurlug the northern winter-
a condition of allaire which it was thouuht-

would turoduc6 a glacial epoch in the southern-
hemisphere It might easIly happen that our-
results would be extctly contrary to the truth-
and that the state of affairs ludientod did not-

occur within hail a mitllon years of tue spoci-
fled date nail all because in ouircaloulation the-

suns distance or solar parallax by wbich it is-

measured was assumed half of one per cent-

too groat or too small The distance of-

the sun depends upon the accurate deter-
mination of tlio solar parallax that is-

tIm angular semidiameter of the earth as seen-
from the sun The dimenSIons of the earth-
have boon found with groat accuracy Its semi-
diameter being known within probably two-

hundred feet one way or the other lint al-

though this base ilno Is nearly 4000 mites long
80 far away Is the sun that the astronomer is in-

the predicament of a surveyor who having to-

measure the distance of an object ten miles-
off linds himself restricted to a base of loss-

than five feet The solar parallax has boon do-

terminod to within a tooth of a second of an arc
but thIs tenth of a second of loubttuluees is-

more than onehundrudth of the whole A-
lthough it is no more than the anile subtended-
by a single hair at a distance of nearly eight-
hundred feet yet a variation of onetwentIeth-
of a second either war would make a difference-
In the distance of liii sun of half a million of-

miles The tirobiom cannot be eolved by direct-
observationebut it has been proxh inatoly solved-
by a combination of indirect methods All the-

evidence at present attainable mnke the dis-

lance of the sun rum thut earth P28S5000 mIles-

with a probable error of onequarter of one per-

Cent or 225OOQ miles-
But It Is one thing In state those ficuros and-

quite another to understand what they mean-
rror Young is at the paIns to translate them-
Into the terms of common experience so that-
they may be partially reattzad lie says If
000 were to try to walk Much a dIstance sup-
poSIng that hue could vailc tour miles an hour-
antI keep it up for 10 hours every day It would-
take 69 years to unaka a single million of-

miles and more thunit 3300 years to traverset-
huowhiole It some colostial railway could be-

imagined the journey to thu sun even If our-
trains ran GO intios an hour day and night and-
without a stop would requIre over 175 years-
Sensation even would not travel so far in a-

human lifetime lo Ijrrow the curious thus-
tration of Prof Mendeuutiahi if we could imagine-
an infant with an arm long enough to enabho-

him to touch tue sun and burn himself he-

would iii of od ago before the pain could reaCh-

him since aeordiuu to thto experiments of-

llnhinliohtz nut others a nervous shock is-

communicated only at tin rate of about lOt feet-
per second or 1G17 miles a day and would-
uood more than 150 ystre to make the journey-
Sound would do it in about fourtoen years if it-

could be transmitted tlirouh celestial space-
and a cannon ball in aiuut nine if It were to-

move uniformly with the same epseil as when-
It heft the muzzle of the gun If the earth could-
b suddenly stopped in liar orbit and allowed-
to tall unobstructed toward thin sun under-
thonccelrating influence of his attraction she-
would teach the centre in about four mouths-
I have said If she could be stopped but such-
is the compass of her orbIt that to niuke its dr-
cult in a year shim lies to move nearly nineteen-
miles a second or more than fifty lwes faster-
than the swiftest rifle bsIl and in moving-
twenty miles her path deviates from portect-
straIghtness by less luau oneehihth of an inch-

Thu distance of tho sun being given sail its-

anuular diameter measured we hao the data-
for deducing its dimneusIousnhthouth the com-
blued errors of both thee ehenuerus give uneer-
tataty to the ilgure attutined The suuns linear-
dluuuoter however is set down as br4ou mihe-
qalthough ft unity vary from that three or four-
thousand miles either wn The polar nail-

eiuatorial dlniuchers art the saulue thu sun3-
rotation on its axis ouuo In twentyIWo days
givbng rise to no sensible polar compression-

Itero uugain the nuagnttude is so vast as to-

have no meaniu in it bald numerical cxprea-
Moo and here agaIn 1uot Young helps us-
out by concrete Ihhustratlons The traveller-
who would make the circuit of the world in-

eIghty days wouuiiI reuiro nearly twentyfour-
years to clrcumnayhate the sun The suns-
surface is nearh 12000 times and its volume-
or bulk more than 1JOOOOi times greater than-
that of the earth If Itue earth is represented-
by a threeinch globe the sun on hue sauna-
scale wilt be more than tcentyscvou feet in-

diameter and its distance 3000 feet If the-
sun were hollow and thuo earth at its centre-
there would be room for the moon 210000 miles-
away and for another satellite 190000 mules-
beyond huor The macs of tho sun that is the-
quantity of matter contained In It 6 nearir 330-

000times as greata that of the earth This tones-
is about 7i times as great as the eomblned-
masses of all the planets and satellites of the-
solar system it is two octilhions of tons The-
attractive putt of this tremendous mass upon-
the earth at a distance of nearly 93000000-
miles nain transcends nil concoption It i

thirtysix quadrhhitons of tons in figures 30-

followoit by 17 ciphers If gravitation were to-

cease and steel wires were used to hold the-
earth in her orbit each wire being as laro as-

the hueAvieht telegruptt wire No 4 it would re-

uire nine to each square inch of the earths-
surface anil tb whole aunward hemisphere of-

ourgiobewouldhaveto b evered as thickly-
as blades of grass upon a lawn A mcli who-
on earth woult weight 0 ppunds would at tzc-
sun weigh nearly two tonS itnti ho unable to-

stir A planet as far away as the nearest lixeti-
star which ts more than 200000 times more re-

mote than the sun from the earth if not ills-
turbod by utnhotber attractIons would stilt be-

governed in its motion by the sun ttuoub If-

movin in a circle nearly 9OuOOUJ years-
would be reiuireit for a sInhe revolutIon If-

the motion seems slow it is because the die-
tanec Is BC vat btit the planet would still be so-
powerfully held in its orbit that it could only-
tree iteeifrcm solar attrtetlpn by darting away-
with a veloity of more titan 800 feet porsecond-

To the strong eye which can bear iti Liri-
lhence without libeLing the sun appears as a-

rotund whIte tihk ttle uuuore tItan half a do-

gree in diameter Tue aurfauo looks uniform-
eXojit it slight darkening at the edc anti-
sometimes black speik upon the brIhut disk-
hut wluen a suitablu telescope is applied to the-
sun new features orrest attention At iitt it Is-

lees Impressive titan the muon with its mount-
am rautea riturs nut suattow4 Hut details-
soon come out which hitow that the soar sur-
face l far trun uulfrun Minute grains of in-

tirise hiriuiiino uiil trruuuar form nLLuar ar-
rangod in streaks anti groups and which scorn-
to be lioatiu In a darker tuetitoun Vhth a low-
power the elTcct is said to resemble that of-

rough dritwin paper or of curdoi nuilk seen-
ruin a little ditiuico lint in fityorable-

times wluen higtur tiute3opIo Lowuur can-
be used tuogratas or nodule ni-
roar as irrciilutrlr rounded nuasses measur-
lug sonic huudrud of miles yuty sprinkiul-
upon a ices brilliant Lnokground anti looking-
as Irot Lngiey says like snowflakes scat-
tereut over a grayish cloth Under the sharpest-
srrutlny thiso griini era sometimes resolyel-

Ot IIttZtUI5 Or luiutttou tlot not tulore than
104 rnihsor to in luariuctor Ltugloy eatiruiate-
tui 111041 rzunc is ouustituli lierhats uttttm-
ortofiftit of tim nrface of the iuu while they-
omIt at least tilreouiuartrs of the light Thec-
has in former years been much dIscrepancy In-

the views reardiug these objects Nasmyth-
compared them to willow leaves while See

ciii aimed them rieegrains Some have die-

cerned long narrow bluntended filaments-
like bits of straw lying roughly parallel to each-

other so that the structure luas boon called a-

thatch straw formation Young suggests-
that the grains are the upper ends of long file-

inenta of luminous cloud which over mOst of-

th stuns surface stand nearly yetticat lie-
hInts that the cloud masses over the more Quiet-

portIons of the solar surface may be as they-
seem nearly globular though drawn out near-
the suns spots Into filamentary forms by cur-
rents In the solar armosphore-

Under tahescoplo observation it is seen that-
the light falls oft very rapidly near the edges of-

the disk anti here are best observed those re-

markable objocts called facuhia literally-
meaning a little torch These are Irregular-
streaks or patches of greater brightness than-
the general aurfaoe and resembling flecks of-

foam below a waterfall They are often from-
f000 to 20000 mIles long end cover areas im-

nieniely larger titan our terrestrial continents-
It Ii represontei that in structure those facuim-
are elevated regions of the solar surface riulgus-

and crests of luminous matter which rise above-
the goneral level and protrude through the-

dottier portions of the solar atmosphere just-
asdo ourtorrestriai mountains aithouh they-
cannot be seen at all if they are not at loast-
fortylive times as high as any himalayan-
These mountains of light are found to some ex-

tent over the whole surfaco of the sun though-
only sparingly in the polar regions They-
generally change form and place but slowly-
and persIst apparpntly unaltered for several-
lays Yet It will not do at all to conceive of-

them as mountains whIch involve the idea of-

stability the solar surface is a stupendous-
mass of rolling and tossing flame In which-
movemsnts at the rate of 1000 mIles an hour-
are the rule rather than the exception

Sun spots early attracted the attention of ob-

servers Mnny f theun are roeordeul by the-

Chinese and in thie year 807 A D a large spot-
was visible in Europa for sonie eight days-
which was uppoett to be the planet Mercury-
Iiutthero was great reluctance to admit that the-
orboiday could ho Imperfect or that the eye-

of the universe could uniTer from ophthaimta-
lint the first rude leleseopo settled the matter-
and sun spots wore recoguizud by various ob-

servers as early as 16104L lint It Is only-

within ttuo Inst thirty years that these ob-

jects have been assiduously and sytsmati-
call studied A sun spot generally consists of-

two portionsa very dark irregular central-
portion called tlio umbra and which Is stir-
rounded by a shade or fringe less dark known-
as the penumbra and chIefly made up of fIn-

monte directed radially Inward It is as if thu-
sumbra wore a hole and the penumbral file-
muonts overhung and partly shaded It from our-
view liko bushes at the mouth of a cavern The-
dotailsof tho spots are eontinuruhly changing-
the bright granules attho tipsof the penumbrali-
hlamnents seem to sink and dissolve while-
fresh portions break off to replace them as If-

there was a continual intiraughit of luminous-
matter over he whole extent of the penumbra-
Sun spots are often shortlived nbjets seen-
but once yet the average life of a sun spot-
may bi taken as two or three months while the-
longest lived yet recorded lauted eighteen-
months Sonuetimes one disappears and is-

soon replaced by another at the same point-
Thuoygenoraliy hiowsveroccur In groiups and-
often a very large spot Is accompanied by a-

train of sunnll ones The spoehal history of ra-

mnarknbfe sun spots has been frequently inaulo-
out but it is not safe to generalize from any one-
sot of observations Almost every one has its-
own peculiarities departing In some respect-
orothor from the usualcourseoflhiugs Spot-
of unusual magnitude and activity sorn often-
to have no ujuiet middle life There is no time-
In their history when they are not doing some-
thing that is surprising and more or less tin-
precodonted Thioiruhlmensions are sometimes-
enormous Many groups have bout observed-
covering areas of more thuan 100000 mIles-
square and single spots have boon known to-

measure 40000 or 50000 miles In diameter the-
central umbra alone being 2000 or 30000 mihes-
across To be seen bye keen tiakod eye it spot-
would luave to measure 23000 or 24000 miles-
The largest yt recorded was oluserved in 1SS-
It had a breadth of more thitri 143000 miles or-
eighteen times the dinmttor of thu earth and-
covered about onethirtysixth of the whole-
surface of the sun Sun bpOts travel across-
lie solar surface being carried nrotind by tile-

rotation of thin sun which takus place once in-

twentyfive days Thai mostly ho between 10-

anti 3 ulegrees of latitude on cacti side of the-
suns equator On the equator Itself they ere-
counparativehy rare unit there are still fewer bo
yond the latituuluu of 35g Tue cause of this ills-
tribution is not known Sun spots are not irni-
form from year to year but vitry In number-
and intensity and It has been proved that this-
variation Is tueriotile This discovery is ulue to-

Schwabe of iJossutu who traed three complete-
oscillations front maximum fretitiency tturouchu-
ninirnumn back to maximum agtIn Ito as-
signed ten years as tho Stunspot veriod al-

thought Woif has shown that the period is more-
nearly eleven years It has been also found-
that the earths miugnetisun iiuuctuatcs In in-

tonsity running through a period that is now-
proved to be coincident witu the sunspot-
period It is moreover shown that thu con-
noction is catini solar cyclones being acorn-
panted by terrestrial magnetic storms inuli-
cated by extrutorutinary agitations of the mag-
netic needle This eviulence of the control of-

sun spots over earthly phenounona naturally-
raises the uuestion ne to iha extent-
of this influence May not otluor plie-
nomenut be also influenced hy tluo spot-
variatlon Prof Young rernarkq as to-

the effect of stun spits upon terrestrial tern-
peratitra No conclusion seems possible at-
present rite spots ttiounsuulyes as henry See-
clii Langley and others have shown certain-
lv radiate to us less heat than the general stir-
face of the sun According to the elaborate do-

terminations of Langley the uunbrut of a spot-
collIe aboutilftyfour per cent ant the ponum-
bnt about eighty per cent us much heat its a-

corretuponuiing area of the pliotospluero The-
direct ehfuit of sun spots ii thuorofor to make-
the earth cooler As the total area covered by-

spots even at the time of maxImum never cx-

coeds 1500 of the whole suurfaco of the stun It-

follows that directly they may diminish our-
heat supply by atouet 11000 of the whole-
Whether this effect would Do sensible or not is-

a uuestIoui uiut easily answered We have no-
space here to state the probabilities and epeen-
latious its to the naturo and causes of sun spots-
They are supposed to be depressions or open-
ings breaks in the surfece of the sun perhaps-
in some way connected with thu activities In Its-
Interior deuthus-

As basbetun saidourknowledge of the chemn-

Icai cnutittuents of thus sun is recent anti is-

uine to researches with the spedtrOscopuj TIm-
btudy of the properties of the solar speetrnun-
began with Newton Fraunluoter found that-
the spectrum was crossed by a great number of-

hinodarkiineswhichwere consequently known-
as Fraunhiofers ilnee But ii was only racent-
lydiscoyereuj that these spectral effects bare an-
important ehouuuial slgnilkanee The fonda-
mental prtnclpie of specfroscopy is that whets-
ut body Is heated until It beconiej luminous or-
emits light tim spectrum forunnul by that hiht-
is peculiar Every ebentical element line there-
fore a characterletia spectrum by whIch it is-

known and rio matter how far away it is the-
prism that decomposes Its ray gives the means-
of Identifying it The knowledge gained be-

sides goes a good deal further than this Them-
are hurllut iiutss nail tiark lines nod thee-
cluango fritte uric couditioti to hit tutluer arid lit-

lting so givu a clue to thu pluybleat condition-
as yelt as the chemical identity of the element-
so that It may be known whuether it Is solidh-

iuiUiti orgaseous anti bowlt Is related to other-
anti ieccontuanying elemeut The hines form-
ed by en incandescent gas are also uilterett by-
its state of lurossutre More wnuuhorful stIll Ito-

uuiotiouus of titus cboiuuteal rujurc of light ran Ills-
bq Ietcruuiined by tito bputmuuu lie liue-
being displaced one way If the body is rapitity-
nppmoaoltlng the observer anti displaced ho-
opposite way if the body Is rapitily receding-
from him Again violent commotions among-
the elements are revealed by distortions of

their lines so thatgreatexpioions hurricanes-
and cyclones in the sun are reported to the ob-

server as he watches the ohuangos of the light In-

his spectroscope Nor is there the slightest-
doubt about the certainty of the results The-
evidence cannot for a moment be resisted-
The spectroscopist finds for example that iron-
heated to the vaporous condition gives a great-
number of lines of unequal intensitIes di-

trlbuted in unequal groups through a spectral-
field and If be places the spectrum of the sun-
alongside it the same lines with the same die-

tribution are disclosed so that they become-
continuous with each other By observations-
of this kind Kirclsoff in 1860 proved that the-

solar atmosphere contains sodium Iron cal-

cium unagneelum nickel barium copper and-
zinc though tho last two wore doubtful at that-
time Sinco then the list has been much cx-

tendd and now includes titanium cobalt chro-
mium hydrogen palladium vanadium molyb-
denum strontium lead uranium aluminium-
coreutn cadmium nad probably oxygen In-

addition to those elements tIters is a certain-
degree of probability that Indium lithium ru-

bidium iridium caeetum bismuth tin sliver-
gluclnum lantiutinum yttrium and oarbon arc-
also present In tite solar atmosphere one or-

more lines of their spectra having been found-
by Mr Lookyor to coincide with dark lines in-

thesolar spectrum There are only doubtful-
intlcations of suiiplittr and no trace of chlorine-
bromine Iodine and silicon flut It is possibl-
otbatthesoelomontharecompoundandexist ins-
state of dissociation in this solar heat which is-

farintenserthan anytemperature we know upon-
earthi At louust two adthitional etementi as yet-

unidentified with any terrestrial substance are-
recognized by their lines as existing in the so-
iamatmoephere oneofthom an unknown do-
mont which Prof Young discovered to be most-
conspicuous In the corona and the other a by
pothetical ohomont which has received the name-
of helium Thero may it is probable be others-
also for we cannot suppose that this inquiry Is-

exhausted But it is an enormous step in thu-
sprogress of science to have established the fact-

that the chief constItuents of the sun are the-
sauna as those that compose the earth subject-
hers to familiar experimental investigation-

The visIble luminous surface of the sun Is-

cahlodthuephotosphuere Theoutersurfacoof this-
photosphuore is pretty sharply deflnetlaltliough-
very irregular riein at points into faouim-
and sinking at others into tIle dark spots As-

to its constitution the phiotosphore is now re-

gartiod ne a vast shell or sheet of seiflumi-
none clouds formed by the cooling and condea-
sation of the condensable vapors where ox-

posed to the cold of outer space The clouds-
of the ohuotosphuoro are supposed to be like tho-
clouds of our own atmosphere except that-
while ours are condensed water vapor the-

Ineantliscunt phuotosphuerio masses are con-

denied metallic vapors precipitated from tho-
solar atmosphero In which they float and which-
is tluc finmo of a burning fiery furnace raging-
with a fury anti an Intensity beyond cli human-
conception The iloptht or thuicknees of the pho-
tosphericehuihi or layer is tiite unknown nor is-

itcertain whether It lsseparated from the inner-
core of the solar body by a definite surface or-
whether on tIm other hand tiueru is no bounda-
ry between them-

Vhat is below the photospherethe nucleus-
or chief body of the sun composing more ttuan-
nlnotentlus of its whuoio maesis a matter only-
of conjeetture It is now generally believed to-

be gaseous anti the most powerful reason for-
this opinion is this how specific gravity of the-
solar tunes rise sun Is about one and a quar-
tur timeut heavier thuttn an equal bulk of water-
while the earth In live tind a half times heavier-
titan water that Is the earth is considerably-
mom ttitrt four times as dense as the sun Vc-

know that metallic vapors abound in the-
solar etunosplueru but if these metals ox-

istod in the solid or liquid form to any-
great extent tho solar density would be-

corrosporiullngly increased And since the-
temperature atthie surface even where there is-

free radiation and exposure to the cold of-

spaeois go high as to keop these bodies in the-
state of vapor it is not likely that at greater-
depths it is low enough to permit their llque-
faction or solidification It is welt known that-
the eider herschel contended that the sun is-

not only solid but habitable there being a cool-
ehueterlng layer of oloutl beneath tIle photo-
sphere and more recently Kirchioff nuid-
ZCuhlnrur lt3vC mnlnttiinettttiat the luminoes stir-
fitco is either lIquid or solid They turge ttio-
ulifllctiltitia of a gn00us sphere with so hIgh a-

density as that of ttue sun Butt if we assume-
that the temperature rises mapidir enotughi rota-
the surface downward through the eoiar globe-

hit whole lifliculty tnt to the density of such a
gajeouus sphere vanishes It is trite tluutt on-
this view the centrtl temperature must be tre-
inondous even In comparison with that of the-
pluotospttere lint why not All the facts and-
probabilities indicate thutt the intensity of hue-

stuns internal heat must as much exceed that-
of thue phuotospiuere as this surpasses tluo mere-
animal wturrthu of a living body Buit whtie on-
the whole it titus seems probable that tie suns-
core is gitsotis nothing eouiil be remoter from-
the truth titan to Iunnine that a mass of gas-

tinulereucheonditionsof temperaturonoti pros-

sure ivould resemble our air in its obvious-
charactuuribtics It would be tenser titan water-
nail since a Maxwell anti others have shown-
the vlsoslty of a gas inemeases fast with ris-
in temperature it is probable that it would-
resist motion something like a mass of pitch-
or putty lInt lie elements could not aItuk Into-
the liquid or solid form except by the reductiono-
ftomytumature Titis uutujuit is very ably and-
elaborately dlscued by Prof Young-

Butt while the great mass of the sun is in-

chtiuld within the iuluotosrtherue yet the larger-
portion of its volume lies without forming an-
atmosphere whose diameter Is at least double-
anti its bulk sevenfold that of the central globe-
Title atmosphere of the sun lia an outline of-

extreme irregularity and variableness The-
uniform aspect of the solar disk is an astonish-
lug illusion There is a stupendous raggoti-
ness in thut fiery solar appendage which thet-

erm mountitinoug in its uuiost exagerateJ su-
pplication is tar too tamu to express At the-
base of this oiar atmosphere and in contact-
with the pluotosphuere is witch reaeuxible3 a vastl-
ueot of scarlet fire The appearance Is as if-

countless jets of heated crs were issuing-
through vents over the whole surface thus-
clothing it with fliuuie which heaves and tosses-
like thu blitz of a mhtuty conflagration This-
Is tilochiruitsph1eroand the ascenhIng masses-
of incaniteeeuit gte are known as the-
solar zrouilnencs Tht chromosphero-
is a revelation of the speetroscope Under or-
hinary Circumstances the prominences arc in-
visible for thu same reason as the stars in the-
haytilne thuy are huitiden by the intense lihut-

roflectetl from the particlas o our own tutmos-
photo tt by the shuoctroscopa they iutt be-

otjseryel In hue uhaytinur nitil their motions antI-
magnitudes ulturmutined rho numberof proun-
ifences of considerable rnnnltude exceeding
30000 miles in height visibto at any one time-
on the aurfutce of the sun is never very great-
rttrely reaehig 25 or 30 hunt their number va-

rice with titu number of sun spots and the two-
phinouuena art generally connactel although-
their relatlns are much more close with thu-
efacultu rite eturomospherie layer huts an nver-
age ieptlu of five or six thotisanti miles butt its-

elevations are onormotisty greater titan this-
height Of 2707 promlnences whuose altl-
tides are recorded 1904 rose to 1S000 mile-

s7t to 28100 miles and several exceeded-
s1000 niiies A hieigtst of 1110010 miles is not-
counmon but Prof Young stateS thtitt lie luas-

setut tiire or fouur which exeedetl 15001-
miles 4eechi detoribs one 30000 untIes-
bight and on t t 7 18iJ Young observed on-
which rulcaSurul 13S of tin sure or 3000I miles-
in height Their forms and structures dilitur no-

widely as their muugnituito Soune arc qttiea-
cant appearing to lIe upon the limb of trio sun-
like a bank of clotith in hUt huorizon anti thtee-
sure Coulmpttmntivtuly tuerunatunt remaIning oitei-
fir hosra fluid titys wtthput much ehnnge-
Hometliuts ttte host tree from Ito cburouu-
epItome sometimes they appearconnected with-
it by siedr columns and again the whole-
under surraco seems to be fringed with down-
hanging filaments Eruptive prominence are-
of a dterent aspoct and order Their form and

aPpearance ohage with great rapidity a quar-
tsr of an hour beinoften suffloientto transform-
beyond recognition a mass of these flames
30000 miles high Their forms are greatly di-

verse Nomotimes they havetheoamnmon aspect-
of flames then of pointed divergent rays-

sometimes like eheavesof gralnsometlmesh-
lkewbirhingwaterspoute capped with a great-
cloud Occasionally they present most exactly-
theappearance ofietsof liquid fire rising and-
falling in graceful parabolu freouentiy thai-
carry on their edges spirals like the volutee of-

an Ionic column The velocity of their motion-
ofton exceeds 100 miles a second and some-
times though very rarely reaches 200 mIles-
The eruptivegas of those prominenoes Is chiefly-
hydrogen and some conception of the terrifa-
force of solar exolosions may be inferred from-
the fact that clouds of hydrogen have been seen-
thrown to aboightof more than 200000 miles-
with a velocity which must have exceeded 200-

miles a second and was probably much higher-

Far beyond tho region of promlnences ex-
tends that more etherealized portion of the solar-
atmosphere known as the corona or the glory-
which surrounds this darkened sun during an-
eclipse In texture and tenuity it much re-
seinbles the tails of oometa This vast irrogu-
lsr aureole of iiht Is the most striking feature-
in an eclipse When the solar disk becomes of-

inky blackness as the moon outs o ita rays-
there stream out from all sides radiant lila-

meets beams and sheets of pearly light which-
reach to a distance sometimes of several-
degrees from the solar surface The-
portion nearest the sun ii of a dazzling-
brlghtnesi though less brilliant than the-

erominences which blaze through it This-
inner corona has a pretty uniform height-
forming a ring three or four minutes of an-
are in width Beyond this the halo becomes-
itoilate and irregular rifted with blackness and-
with vast curved streamers and immense bar-
of light fadinr away Into the darkness The-
irregular fantastic forms of the corona that are-
never visible but for a few moments are hard to-

delineate and still more difficult to explain-
Hydrogen end other elementa are proved by-

the spectrosucope to exist in tue oorona show-
ing its continuity with the inferior portions-
of the solar atmosphere But while the corona-
ii in great asurt composed of glowing gas there-
is reason to think that it contains also a coneid-
erable Quantity of matter in such a state as to-

reflect the sunlight probably some kind of-

meteoric dust or fog-

In considering the quantity and intensity of-

the light emitted by the sun we are again lost-
in the bewildering magnItude of numbers The-
amount can be measured and proved and stated-
in fatnillar terms but the result cannot be men-
tally gmapoci Though the source of Ihiumina-
lion is 93000000 tribe away its light would-
quickly disorganize and destroy the eye cx-

posed to It SunlIght is the intonsest radiance-
at presontknown ltsofarsurpaseesthebright-
ness of the calcium light and even the mos-
tpoworfulelectrlcarcthatifeitherof thosellghts-
is Interposed between the eye and the surface of-

the sun it appears like a black spot upon the-
disk An ordinary gas burner consuming five-
fentofgaa hourly gives as much light aislxtoen-
standard candles and the total light of the sun-
is oomputed to be about equivalent to four hun-
dred billion billion of such gas jots The inten-
sity of the light at the solar surface Is estimated-
to be 100000 tImes greater than the average-
brightness of the candle fleme It is 140 times-
more brilliant than the calcium light and prob-
ably about four tImes as intense as the electric-
light Prof Langley compareJ the brightness-
of sunlight with the blinding brilliancy of the-
molten metal in a Bessemer cOnverter But-
the dazzling stream of melted Iron was deep-
brown compared with the solar radiation and-
presented contrast like that of dark coffee-
poured into a white cup No allowance being-
made by the absorption of the suns rays by-

passing through the smoky air of Pittsburgh-
they came out 5300 times brighter than the-
dazzling radiance of the Incandescent motel-
But the solar light is much feebler at lie suns-
border than at the central region of the disk-
which is aecounteit for by the absorption of a-

portion of the rays by the solar atmosphere La-
Place maintained that this absorption of light-
by the suns atmosphere amounts to eievon-
twelfths of the witoho and Secchii arees with-

him lint other authorities make it less and say-
thtat the sun without its atmosphere would be-

about four times as bright as we now see it-

All the suns rays are lines of force manifest-
ott and measured by mtutorial changes They-
arettll believed to hoof the nature of waves or-
pulses which expend themselves in the produc-
tion of motions Tue luminoui rays to which
we havejust referred impress the nervous mat-
tar of the eye anti thus give rise to vision Tue-
acuiniorays produce chemical decompositions-
and the thermal rays give rise to expansion-
but all the waves of solar radiation are carriers-
of energy and when intercepted do work The-
measurement of solar lueat Is more satisfactory-
tItan that of solar light as thermometers are-
more nccuratethan photometers with candl-
epoor units-

Butthere is a preliminary difculty from the-
absorption of huest bytheoarthaatmnosphuere A-

considerable part of it Is thus intercepted and-
cannot be measured Yet this loss has boon-
proximately determined Speaking loosely it-

may bo estimated that at the sea level in fair-
weather neither excessively moist nor dry-
about3i perceult of the solar radiation is su-
bsorbed when the sun is at the zenith and at-

least 75 per cent at the horizon Of the rays-
striklngtiuo tipper surface of our atmosphere-
between 15 arid 50 per cent therefore are gen-
orally intercepted in this air even when there-
are no clouds Of course this heat is not lost-
to the earth but when we come to measure the-

actual amount received upon a square foot of-

the earthss surface it must b remembered that-
it Is but little more ttuun halt of Itbatiwbich has-

been emitted by the sun-
The amount of solar host actually received-

upon given areas of the earths surface has-

been determined in various ways which need-
not be here describoi If wit express the result-
iuitertnsof power andtake thin whole surtto-
of tho earth the average cnurgs received from-
the sun on every thirty square feet of the-

earths surface Ia equal to one continuous horse-
power It is assumed that the sun radiates-
equahlyin all directions so that if beware sum-

rounded by a sphere as large as the earths-
orbitor 1SIl000000 miles In diameter his ra-
dictions would give a tlynamnic effect of a per-
pettual luorse pouver upon cccli thirty sounrof-
utet of title enoruno us surface Of the totalsolar-
radiations the earth receIves onlyss fraction of-

Inconceivable minuteness but one twentytwo-
hundreilmiilionth of the whole Yet this al-

most inllnitosimat fraction of solar power is-

the great capitit of terrestrial energy wind-
power water potvor electric Dower steam-
power anti the power of all living organisms-

liuirhtuil has given Ito great result In torms-
ofmoItin ice A shell of ice ito molt thick anti-
1SO000Od unuo In stlaunetuir surrounding the-
sun would be melted in two hours and thirteen-
minutes A shell of ice enclosing the sun at his-
surface a mile in thickness would be melted in-

the same time hltursohel continues that If a-

cylinder of ice fortyfive miles in diameter were-
tartaut into thue sun with the velocity of higlt-

theat it coutoentriuct upon it would-
melt it mts fast as it canto or in other wortle if-

asohid column of ice two anti a uunrtor miles in-

diameter anti 93000000 mileo long that should-
span the abyss from the earth to the sun could-
be acted upon by the total solar heat it would-
be melted In a single second and In seven sac-
onus moreit would Liii dissipated in vapor It-

lice again been curnptute I that tilts huett atretum-
nlog frjiuu bit sun mt spii seuihd bu sufihiitutt-
to boil iOJ000OL00t ubiut miles of lot water-
each hour Tue huruting glass by which the-
solar rays are concontratet produces an effect-
which Is equivalent to moving the object In its-
ocus a certain distance toward the sun do-

pending upon the size ani power of the glass-
Tlue monet powerful lens yet constructed tbu-

uvirtually transports an ubjt at its lou to-

within about the00 unites of the euufn surface-
and in this focus the most refractory substances-
arc either Instantly muitet or dissipated in-

vapor There can be no doubt that it the sun-
wore to come as near us as the moon the solid-
earth would molt like wax As to the suns

temperature there is treat disorepanoy in the-
calculation The intensost heat that can be-
produced upon earth is perhaps 4000 F but-
the suns temperature has been estimated at-

from 10000° F all the way up to four or five-
millIon degrees Langley who has investi-
gated this point with groat care found that the-

heat radiation of the solar surface Is more than-
eightyseven tImes as intense as that from the-

molten iron in the Bessemer converter-
As to the causes of thu heat and how it ii-

sustaIned and how hong it will probably last-

and many other interesting Questions which-
we have haul no room to touch thus reader is to-

ferred to Prof Youngs charming book the-

most instructive and impressive volume ever-
written upon this subject

Tw Book Aboud eandtnsvIa-
There has boon lately somewhat of a glut-

of books purporting to record the hastily-
caught impressions of travellers not partiou-
larhy Qualified to discourse on Norway and-
Sweden If intelligent persons able to speak-
fluently the languages of Scandinavia would-
sojourn insom ofits ohletcltieslongenoughtob-
ecome intimately acquainted with the manners-
habits and points of view of the inhabitanis-
their report would be interesting there Is-

room hso for a volume in which localities-
associated with romantlo or Important events-
should be described by a writer thoroughly-
saturated with Scandinavian history but hero-
again a knowledge of None anti Swedish it-

not of Danish also would be indispensable As-

for the ordinary tourists who suppose them-
selves equipped for bookmaking because they-
haveseon Dronthteimn and Upsala have gazed-
upon the midnight sun have perhaps been-
driven behind a reIndeer and picked up half a-

dozen phrases from muchenduring tnnkep-
ers there is really no longer any call for theIr-
random jottings These remarks sure suggested-
by a volume entitled the Sforij cia Scandiuatjan-
Sutnrner by KATIIEnINc E TTLKR Putnams-
They do not apply for reasons to be mnentiona-
npresently to another book just issued by the-

same publishers and called Norse Lapp and-
Finn by FuiAK VINCENT Jr-

The author of A Scandinavian Bummer-
landed at Christianla journeyed by land to-

Dronthaim and weni then bysteamer to Trom-
spe which was as nearasslue ottotho midnight-
sun On her return she wentto Christianla to-

Stockholm by rail and made an excursion to-

Upsain On the strength of this experience she-
proceeded to make a book and iet us say at-

once that her performance is no worse and-
rather bettor as regards vivacity of style than-
the seem or two of works which unhappily at-

ready occupy the not very extensive field The-
writer seems to have read carefully such popu-
lar summaries of the Scandinavian annals as-
exist In English and she lies transferred to her-
pages a good deal of the erudition to be met-
with in guide books Altogether her chap-
tars read like letters which no doubt-
may have been listened to with interest and-
admiration in a family circle whose members-
know even loss of the subject than the author-
But really this sort of journal in which a keen-
eyed quickwilted but in no wise specially-
equipped person notes wluat she happens to-

see from a carriage window or the dock of a-

steamer or what she chances to hoar from a-

travelling acquaintance or aconipanlon at din-
far has gone entirely out of date What we-

want Is new facts and those are only to be pro-

cured by travellers or explorers who know be-

forehand just vhero to look for them and can-
distinguish them when they ee them The old-
commonplace observations which had some-
zest and value when Norway and Sweden wore-
comparatively unvisited sure now quito savor-
less and it requires a literary artist like Signor-
Do Atnicis to concoct a piquant and attractive-
dish out of such materials-

The first point which distinguishes Mr Yin-
cents book from the last nutnieti is that ho ro-

trains front infiictln on us any of the second-
baud learnIng to be gleaned so easily from pop-

ular histories and guide books Ho tells us-
simply what he saw iani be aw agroat dcci-
more than the lively author of A Sanndinavian-
Summer and what be learned by personal-
inquiry and ho knew much better what to ask-
about and whereto puthia questions liospent-
for instance comae time on the threshold of lila-
journey on the less frequented coasts and the-
interior of the Island 01 Zealand Not far from-
Itooskilde which was the capital of Den-
mark down to tluo middle of the fifteenth-
century but which probably not one Amer-
lean tourist in a huuntIrod thousand ever-
visits ho was shown a dolunan or burial grotto
22 feet long 6 feet hIgh and 18 feet wide and-
which when first opaned contaIned a number-
of skeletons and a quantity of arms North of-

Itoeskilde too and not fur away Is one of the-
largest kitchen mittens In existence contain-
ing relics of the race which dwelt here long-
before the advent of the Aryan type in Europe-
The whuolo neighboring district is rich It seems-
in dolmens anti kitchen mittens as well as in-

barrowe tumuli and raised stones hiaring-
Itunlo Inscriptions the latter meunorlahs of-

course belonging to a much later veriod Such-
monuments coulil not fail to engage the attun-
tion of an intelligent traveller aware oh Sir-
John Lubbocks opinion that the pro-
historic proAryan age of Scandinavia roust-
have been lie most splendlti era Mr-
Vincent was not content to stop tit Trornsoe but-
ttOnt on tothe Norhit Cape whore however as-
Bayzurd Taylor had preceded him ho does not-
tronbie us at much length with his impressions-
of the mIdnight sun and Arctic scenery Mr-
Taylor however knew but little about Luipland-
and three of thu most valuable chapters of M-
mVincents book give us the results of his per-
sontul study of the Ipptu in their own homes-
lIe tolls us that the extremely low stature at-
tributetl to the Lapps by the first Eruglish voy-
agera proreson an extended aequaintutnco with-
uthe race not to bo at all exaggorted They-
average in iseigltt only fouir feet and a half anti-
a Lapp five feet tall would b regarded as a-

prodigy Their type seems to indicate-
an admixture of Mongolian and Cttu-
enema blood bitt Mr Vincent agrees with-
other authorIties in tracing more of the 31ouoI-
characterustics in their pimysionomy Itt color-
he says they are yeUowistu brown and they-
have large heads with broad nail low foreheads-
light black eyes lint short noses broad-
mouths high cheek bones scanty boutrths anti-
long stiff black hair Their voices are not eu-
pluonious being low anti squeaky Tluo author-
adds that tltu possess gretut muscular power-
and arc eitrusniuiy agile On the uttimuologic-
alprobim touching tlue orIgin of this strange-
race Mr Vincent does not assume to thurow any-
light but as regards their flutal mIgration-
he infers apparently from their own-
traditions and their distribution In their-
present habitat that tiuoy were the orluz-

tad inhabltauuts of Finland ant were abalic-
rowded nrthward by thu Fnus proper Tiu-
Lapo race is said pi number ust titti present day-
no more than 17OdO souls Oiniutahiy all the-
Lapiuindurs were nomadIc buttha tiifliculty of-

finding suficiont food has divided them into-
two groups the roving anti the settled or the-
mountain anti the seacoast Lappe So strong-
however is the Noruvuigizin prejudio againstt-
houn that not even tttosi uvito live by flshng-
are utiloiveil to remain purmtmaneatly In any of-

thue Norso towns Tito Lutpps it seems never-
cook either lieu or blubber but eat their-
hash all raw a tact of which thu six-
heenth century travellers made mention Not-
only the men but thue women anti the young-
girls are prpetuutllydruuk so long a any of the-
vile corn turandy which they distil tluemselyes-
is proitumatube Tiut uuxttsuuil otuth grossly iu-

ucrnlpu3rnto its uf these topit loon not seen hu-

tdiminish their vIgoror thteir longevity A Lapp-
aIll get drunk talL asleep in a snow drift and-
awake in the morning as vigorous anui-
lively as he was the day before Ofip n mId-
winter a Lapp woman wandering with her-
psoithis lit tue snow in search of reIndeer moss-
will give luirtlt it it eltlld arud after a brief m-
epib wilt outtlauc the journey without any cvi
consequences-

Among the features of prehistoric society-
preserved among the Lappe may ho noted-
their regulations reurdic marriage Poly-
gamy Is practised and marriageable irh are-
still freiuontiy sold by their parents the arico-

V

received being considered as a repayment of
the expenses Incurred In bringing up
daughter and as a compensation to the fulLer
for the loss of her services When we betritmind the existence of polygamy it Seent
curiouc anomaly that the Lappe neser
divorce In some of the Lapt commnuaith1polyandry is a recognized forau oftho-
relation Mr Vincent tells us that the Lnpp
guago has eleven cases and three numbers bttno gender We observe that in the brief cloteary furnished by him all the word are dtssyi
table We are told that there are five wards frsnow and seven for a mountain but hunt hot
aMy virtue and conscience must be expressed
by a paraphrase The Liuppa potCoSs no man
uscripte and of course no printed boots o
their own but the Bibles and some relloint
publications have been Issued in their
by the Norwegian Government They have
however many traditional histories myths
and songs A good many of the Lappe sure hap
tized It seems wheni young but the majority
are still addicted to polytheism Among their
deities are several of the old Teutonic diviti
ties but there also seems to be among theta
traces of Druidical Institutions-

In a ohapter on the roindsey Mr Vincent
ives his personal observations ot this useful-

animal which has appropriately been termaj
the camel of thus North fle toils us that most of
them are of a dark slate color though a few am

brown and sone quite white They are hardly
three feet in heIght and perhaps four or flve i
length The great size of theirantlers preeen-
a striking contrast with their comparatIvely-
smaii bodies The antlers of a buck are ons-
as much as tour feet in length with branohes-
called brow antlers projocting far forward from
theIr base and with spurs spread out fanwi5-
at their upper ends Small as ho is a reindsey
is able to carry for lone distances about io-
pound or he can draw over the glaze-
dsnow when harnessed to a sledge-
pound Its hoof is as admirably adspt4
for travel In the snow and moraSM-
of the frigid zone as the hoof of the camnells
for the sand and bhilocks of the torrid belt I-

Lapland a reindeer will radhly travel ton mni-

ian hour all day anti there Is an instance as-
rooord of twenty mIles having been made Ins-
single hour as a test of speed In 1609 a rein-
deer drew an olflcerwith important despatobe
800 miles In two daysor an average of 1-
6miii an hour This astounding feat ended ii-
the death of the deer whose portrait we a-

told Is still preserved In the summer palace o-
hDrottningholm near Stockholm All that w-

derive from thehorse thooxandtheshecptbI-
wonderful little animal furnishes the Laplander-
Much of the meat in its fresh state Is cooke-
jand used as food but some after being cut int-
tthin slices is dried or smoked and then take-
sthe place of bread The pennlcan which lb-

Arctic explorers use is made from reindeer-
flesh The mllkwhich I excessively rlelui-
sdrunk fresh or made into a rank and unctuoti-
cheese and a kind of butter that taste hlk sue-
tFrom the cheese an oil is made which is th-
esovereign specific for frozen flesh The whey-

is used for drink and is sometimes oonyertj-
into a fermented beversge analogous to kou-

miss The skins of the doer furnish the wint-
etents of the Laplendere their blankets and-

articles of clothing and in short serve almos-
tevery vurposo to which we apply cloth or-

heather The women prepare from the ten-

don by rolling them with their hands upo-
ntheir cheeks a thread Which surpsss al-

lothers in strength and durability The antls-
supply the requisites of their household an-
dculinary apparatus The reindeer withou-
twhich the Lappa could not exist ats a ry-

precarious possession owing to the diMeutty-
of procuring their subsistence durIng winte-
rThe moss or lichen on which tltey toed is ofte-
nburled beneath as much as six week of saov-
which the deer themselves have to remove wit-
htheir feet and follow their nose Mr Vincen-
ttells us tluat the reindeer moss Is capable o-

fbeing used for human food its nutrItive vro-

urtios tire derived from the starch which Itoss-
halos and the taste Is nolunplessant whoa the-

moss is boiled with rendeer milk-
Mr Vincent spent some time among the cep-

per and iron mines of Dalocarhia the erstile o-

fSwedens civil and religious liberty The an-

thor dwells on the simplicity of manners drolL-
and mode of living In this province and volnt-
eout that the inhabitants speak alanguage whIch-

Is said to resemble the Gaelic The tact md-
icatee a profound ditforenoe of race between th-
enatives of this region and those of Oothlandat-
the southern end of the peninsula and perhate-
furuulshea the key to Swedens early and instil
unval hIstory Mr Vincontobsorved that no-
twIthstanding the strict supervision of the G-
oemInent the forests In the neighborhood of th-
eminesare nearly exhausted Their disappear-
aAce bodes ill for the future of the mining in-

dustry for as Is well known the superiority o-

fthe Swedish iron does not arise solely from th-
epurity of thuc ore but partly in consequence 0-

1its heingamolted with charcoal-
The visit whitelt ourtravoller made t Finland-

has enabled him to enrich hula volume with-

sortie Information about hint too sellom viltel-
eouutry It iipputara hitch islter 1883 Fiututlsh Is-

tt tteeouin the oilloial iminetuisto this wiil bun-
about it soecles of revolution In socual life at-
literature for until recently Swutlihi has-
been spnen among tito upper cbasts md-
tutoat books have nms pulureti itt titat iutnumusc-
sYet ste early its 154S ho New ruemtintent mt-

oistuhter wro vubisiuetl in the Funrulult torugu-
Vu otkiy Finlanuiisli nowsptspers clrcJItttui aunorg-
ttte huecsthmttry and of hat tin atteutipt lots ben-
mnaio to trtttuslatut Schihbuur uitil eveu hhttk-
Pcpuare into thu nuittvu lusuguitig Mr Vincen-
telves somute oxtruicta fromus Kuslovutla the crat-
Finlantiisti epic whiti was ilret collected In-

uruitted form in 1835 tout whbcht htiui beca-
hitiutied dnari on the tips of tue peasantry from-

liuiritomnrlal titus V tire retuuitiuid that Ma-
xMuller huts rtcognizel itt lit hmulturaia inerut-
inot diselnillar to those if liii 111usd ituti the-

ieboiungucuitud Is dbepobuai to rank it as the-

111th national epic of thuu worid
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odd Glimpses or Jiuman Ature Caugblias-
VIrginia Free ehooi-

To TIlE EDIToR OF TIlE SUNSir I thick-

a bit of my experience in school teaching I-

nVurginia is worth telling Fancy a io hout-
edaubed withu the reddest of red mud with rofa-

loak trees slinking huiuid over its low roo-

tThat is my scluoohhouse Fancy a middieaze-
dmuitidleslzl timorous woman installed io-

uthe first unto in the chair of authority That is-

I litfurue me on long backleso henchs El-

mlii setuolttrs gazing with ores hike gimnlcts00-
5funny boy tati sttttiIth three curiybittdti-
girls tour with rett ltuiir util tlttt rest ttttng CC-
Wpnsh of snitly hair freckles aitul snngldt-
uutii with bit iyc Ilk glass marbles 58 ilLS-

mutt a itanifuul itt hiutcoyo tiette-
It itt tutu ittuhutoti in my school for nOtes P-

elliot 0 gil frout the parents written On U-

ichildrens siates-
City Ant is cut by nit mesas to be let tbetdl-

Ubert TuCk lute usnbiles not tettin bereI It tti-

II s I lIke Inc Anna So besrn tte rtautmsr I list-
iou itr ttte chttws ery cteyr-

II rt tic it 01 t Ott t iutt in tuty son 44nn rem Ite
utrrii clttil attd ciii itet sttea3 t4 hit tiCitS U-
utit11 lit-

A boy with a mouth lIke a catfish ear5-
iii htms Stmuituon I Ia liii ayi lie tion I

no gratitsustir strutitl on iuu auth I nun to pJl-
ila old visitor suuiher for he aint got no-

denco mu tliutn blue spellers-
hiuving ncttaion to correct a boy for ay1nC-

tittut or slate the sense etstlists seornuuhii o-
bserves Iiomit It eutuind jeet hike a nigger II-

tilwtsye says hItch thiar
1 otiumny counts sate lint insteuud of an-

he butt uut 51 pots tutu with V 5 Is uu etr A tiLl I-

tuuudy tuog siiiils in nuirhy tilt t nt b-

tioirtt ittitl lie draws i ut 0 f it t but it-

drtttrgletl squtirrul utnil hntla it on tn trtUtIf-
lTituits what mttc and Trot dort Ill trC-

him sunti I titrowed at tuini anti me ani he a-
mhint hail it thusr tuseltu ilc wiidatE and-

ItOpu youll ctttt of hUmus marrn-
oh tut they do brnito tim English gmainnm-

in liii fitdel
Mitry wiitut is a qualrupi-
A tlsutgeroue wuztpoa ueed in wa-

rrt ttItnt bird-

liii Mits Shmuttson from lie Irrsmrs3bi5-
euttlltu I eu cute ttt tius circus lit WitI-

tisit lILa us tstturdtstturcatteru4ottnt anti eSti
lkiI-

Ito turtle of thi4 world and lbs glory1 It-

truetv II urusbes in so tree ehunl TIte-
rtrile tf tutuiiy ybuht keee Stun Arun ttrtf-
rttut M as itutk IIue tn Ic cf I tim reM

reameC till tn5ittobiu rtuf ii wut l u C hJt-
StitPti anti III ttuoi illj g mt tt 1

1-

4ple 1 iure is the crut Ie I

trilo of luhuuny ps oantn a tca LIt adi-
ziub over Torn Dti lititi Iitrry tebo-
ti tting anti must get furt1tr

Ob this lteatl tcsings utril titti eutfh1u su-
dthisone toO gOQd to go wttb that on I uiitJ-
cauitfguou I i I L-
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